Purpose: The feasibility of using bilateral internal thoracic artery (BITA) grafts for coronary artery bypass grafting (CABG) in octogenarians is not clear. This study aimed to compare outcomes between use of BITA and single internal thoracic artery (SITA) grafts in octogenarians undergoing isolated CABG. Methods: Isolated CABG was performed in 1,566 patients at the Sakakibara Heart Institute between September 2004 and December 2012. Of these, 125 consecutive octogenarians were included and divided into two groups, according to the use of BITA grafts (101 subjects) or SITA grafts (24 subjects). Early and late outcomes were compared between groups. Results: The preoperative patient characteristics were similar between the two groups. Early outcomes were similar, including hospital death or deep sternal infection. The estimated 5-year survival rate was similar in the BITA and SITA groups (78% vs 62%, p = 0.269). Freedom from major adverse cardiac or cerebrovascular events was significantly higher in the BITA group than in the SITA group after 5 years (90% vs 75%, p = 0.032). Conclusions: Our results suggest that use of BITA grafts for CABG is feasible and beneficial in octogenarians, resulting in improved late outcomes without increased operative risk.
Introduction
As the population ages, the number of octogenarians is rapidly growing. The strategies for surgical treatment in this aged population are currently controversial. Surgeons should aim to minimize the invasiveness of surgical procedures in this population, as in the younger population. Use of internal thoracic artery grafts improves late outcomes after coronary artery bypass grafting (CABG). However, it is unclear whether use of bilateral internal thoracic artery (BITA) or single internal thoracic artery (SITA) grafts is associated with better outcomes. Most recent studies reported better outcomes after use of BITA grafts, especially in the younger population. [1] [2] [3] [4] [5] However, some studies reported higher rates of surgical site infection (SSI) after use of BITA grafts because of the decreased blood supply to the sternum and surrounding tissues. [6] [7] [8] Previous studies investigating the feasibility of using BITA grafts in elderly patients included patients aged >65 or >70 years, [9] [10] [11] [12] but the feasibility of using BITA grafts specifically in octogenarians has not previously been investigated. This study aimed to investigate the feasibility of using BITA grafts for isolated CABG in octogenarians by comparing the early and late outcomes after use of BITA and SITA grafts. To the best of our knowledge, this is the first study to compare outcomes after use of BITA and SITA grafts in octogenarians undergoing isolated CABG.
Materials and Methods
The data of 1,566 consecutive patients who underwent isolated CABG at Sakakibara Heart Institute from September 2004 to December 2012 were retrospectively reviewed. Early and late outcomes were analyzed in 125 consecutive octogenarians (7.9% of all patients who underwent isolated CABG). The subjects were 83 males and 42 females with a mean age of 82.7 ± 2.6 years. Outcomes were compared between the BITA group (101 subjects) and the SITA group (24 subjects). The endpoints were death from any cause, and any major adverse cardiac or cerebrovascular event (MACCE). MACCE included myocardial infarction, cardiac death, revascularization procedures, and stroke. The institutional review board of Sakakibara Heart Institute approved this retrospective study and waived the need for written patient consent.
Operative Technique
Our surgical techniques were previously described. [13] [14] [15] A median sternotomy was performed in all patients, followed by harvesting of the internal thoracic artery by the full skeletonization technique using a Harmonic Scalpel ® (Ethicon, Cincinnati, Ohio, USA). The heart was appropriately positioned and immobilized for each anastomosis site using an Octopus tissue stabilizer ® (Medtronic Inc., Minneapolis, Minnesota, USA) and Starfish heart positioner ® (Medtronic). The proximal end of each targeted coronary artery was clamped using an elastic string to achieve hemostasis after arteriotomy. Anastomosis to the coronary artery was performed using a continuous 8-0 polypropylene suture. Proximal anastomosis of the free grafts to the aorta was performed with 6-0 polypropylene sutures. When needed, cardiopulmonary bypass was established with ascending aortic cannulation and two-stage venous cannulation from the right atrium.
Although the surgical techniques used were determined by each surgeon's preferences, most CABG procedures performed at our institution included complete revascularization of the major coronary artery branches, BITA grafts to the left coronary artery system, and offpump rather than on-pump surgery. This basic concept is abided by regardless of the age of the patient. In this study, complete revascularization was performed in all patients, and off-pump CABG was performed in 117 patients (93.6%). Eight patients underwent on-pump CABG because of unstable intraoperative hemodynamics. SITA grafts were used in 24 patients because of unstable hemodynamics or because they were undergoing redo surgery. The proportions of patients with acute myocardial infarction, and who underwent emergency surgery because of unstable hemodynamics such as recurrent ventricular arrhythmia, low blood pressure, or low cardiac output, were higher in the SITA group than in the BITA group. The SITA group included two patients undergoing redo coronary revascularization who only had one internal thoracic artery available for grafting.
Follow-Up
The mean follow-up period was 3.8 ± 2.3 years (range, 0 to 8.4 years). Follow-up was by telephone interview or by review at our outpatient clinic. All patients were followed up at least once after the operation. Postoperative follow-up coronary angiography (CAG) was not routinely performed, but was considered in patients who developed symptoms indicating possible cardiac ischemia.
Statistical Analysis
All data are presented as the mean ± standard deviation unless otherwise indicated. A p value of less than 0.05 was considered significant for all statistical analyses. All analyses were performed using SPSS software version 11.0 (SPSS Inc., Chicago, Illinois, USA). For univariate analyses, continuous variables were analyzed using the Student's t test or the Mann-Whitney rank sum test, and categorical variables were analyzed using the c 2 test. For multivariate analyses, a stepwise logistic regression model was used to identify independent predictors of MACCE or cardiac events. All variables with p <0.10 on univariate analysis were entered into the logistic regression models. Freedom from death, MACCE, and cardiac events were estimated using Kaplan-Meier curves, which were compared between groups using the log-rank test.
Results
The patient characteristics in each group are shown in Table 1 . The only significant difference between the two groups was that the SITA group included two patients who had undergone previous cardiac surgery, whereas there were no redo cases in the BITA group. Both previous cardiac surgery procedures were CABG with a left internal thoracic artery to left anterior descending artery (LAD) graft and saphenous vein (SV) grafts to the other coronary arteries. In both cases, the indication for redo CABG was occlusion of the left internal thoracic artery and SV grafts resulting in symptomatic ischemia of the left coronary artery territory that was not suitable for catheter intervention. Both the redo patients underwent grafting of the right internal thoracic artery to the LAD and SV grafting to the left circumflex artery territory.
The operative data are shown in Table 2 . The BITA group was more likely to undergo off-pump CABG (97.0% vs 79.1%, p = 0.007) and aortic no-touch surgery (15.8% vs 0%, p = 0.040) than the SITA group. The left internal thoracic artery was used more frequently than the right internal thoracic artery (RITA) for LAD revascularization in both groups. In-situ was the preferred fashion for using internal thoracic arteries. However, especially bypass to the left circumflex coronary artery area using RITA graft, when the length was not sufficient for in-situ bypass, they were anastomosed by end-to-side fashion to the saphenous vein graft as Y composite graft. All patients in the BITA group underwent LAD revascularization using an internal thoracic artery. In the SITA group, 2/24 patients (8.3%) underwent LAD revascularization using other grafts: one patient received an SV graft and the other received a radial artery graft. The right gastroepiploic artery was used more frequently in the SITA group than in the BITA group (12.6% vs 0.99%, p = 0.022). There were no other significant differences in the grafts used between the two groups. There were no significant differences in 30-day mortality rate (3.9% vs 4.1%, p = 1.000) or hospital stay (19.9 days vs 24.5 days, p = 0.110) between the two groups. There were no cases of deep sternal infection requiring surgical treatment in either group. Postoperative cerebrovascular event, defined as neurological symptoms with positive image diagnosis, occurred in 8.3% of patients in the SITA group and 4.9% in the BITA group, which was not a significant difference between the two groups. There were no significant differences in other postoperative complications between the two groups, including renal failure requiring hemodialysis, respiratory failure requiring mechanical ventilation, low output syndrome requiring prolonged catecholamine usage or assisted circulation, and newly detected atrial fibrillation.
Twelve patients underwent CAG during the follow-up period, of which four (one in the SITA group and three in the BITA group) underwent revascularization by percutaneous coronary intervention to target vessels on left coronary artery area because of graft occlusion or progression of coronary artery disease. None of the patients in this study underwent redo surgical revascularization.
The late outcomes are shown in Fig. 1A and 1B. The overall survival rate was higher in the BITA group than in the SITA group at 1, 3, and 5 years postoperatively (93% vs 91%, 86% vs 75%, and 78% vs 62%), but this was not a significant difference in survival between the two groups ( p = 0.269). However, the rate of freedom from MACCE was higher in the BITA group than in the SITA group at 1, 3, and 5 years postoperatively (96% vs 96%, 94% vs 88%, and 90% vs 75%, p = 0.032). The results of univariate and multivariate logistic analyses to identify the predictors of MACCE are shown in Table 3 and Table 4 . Univariate analyses showed that use of BITA grafts was negatively associated with MACCE; and higher New York Heart Association functional class, emergency surgery, and preoperative atrial fibrillation were positively associated with MACCE. Multivariate analysis showed that use of BITA grafts was an independent negative predictor of MACCE, and preoperative atrial fibrillation was an independent positive predictor of MACCE.
Discussion
To the best of our knowledge, this is the first study to assess the feasibility of using BITA grafts in octogenarians undergoing isolated CABG. Our results show that coronary revascularization using BITA grafts is a reasonable strategy in octogenarians, which does not increase early morbidity or mortality and decreases late MACCE. The advantages of using BITA grafts for CABG have previously been reported. [1] [2] [3] [4] [5] Burfeind et al. reported that use of BITA grafts resulted in a 19% reduction in cardiac events compared with use of SITA grafts. 1) This difference is thought result from internal thoracic artery grafts having a longer patency period than other grafts. Furthermore, Dimitrova et al. reported that arterial grafts including internal thoracic artery grafts may be associated with lower rates of progression of coronary artery disease after CABG than SV grafts, 16) which may be related to the better late outcomes in patients with BITA grafts. Our results indicate that these advantages also apply to octogenarians. In this study, the BITA and SITA groups had similar early outcomes. There was no increase in mortality or morbidity in relation to BITA harvesting. Although SSI is a concern with use of BITA grafts because of the decreased blood supply to the sternum and surrounding tissues, [6] [7] [8] there were no cases of SSI in this study. De Paulis et al. and Dai et al. reported that use of BITA grafts was not associated with SSI when the internal thoracic arteries were harvested using the full skeletonization technique, which is the routine method at our institution. 7, 8) This may be the reason why there were no cases of SSI in this study. Nearly 20% of patient had preoperative cerebrovascular disease and 5.6% of patient developed postoperative cerebrovascular event in this study population, which is higher than expected. 87.2% of patients in this study had proximal anastomosis on the ascending aorta, with preoperative CT scan or intraoperative epiaortic echo scan of the aorta if suitable for proximal anastomosis of the free graft anastomosis. However, there was no statistical independent risk for developing postoperative cerebrovascular event including the manipulation on the ascending aorta in this study. Since we thought the older age itself may be the The advantages of using BITA grafts in extremely elderly patients are not sufficiently recognized, even though the population is progressively aging. As older age patients have a relatively poor prognosis after cardiac surgery and a relatively short life expectancy, the surgical indications and strategies for elderly patients are controversial. [9] [10] [11] [12] 17, 18) Kieser et al. considered that use of BITA grafts was not yet shown to be beneficial in patients aged >70 years. 9) On the other hand, Medalion et al. and Kinoshita et al. reported that use of BITA grafts improved late survival and freedom from cardiac events in patients aged >65 years and >70 years, respectively. 10, 12) In this study, the rate of MACCE was lower in the BITA group than in the SITA group, but there was no significant difference in overall survival between the two groups. The mean age of patients in this study was 82.7 ± 2.6 years, and the life expectancy in this population was not long enough to show a significant difference in survival between the two groups. However, lower rates of MACCE and cardiac events after coronary revascularization lead to lower rates of hospitalization and lower healthcare costs, which are beneficial in this aging population. 19, 20) According to the Japanese Ministry of Health, Labour and Welfare (2012 report), the mean life expectancy of 80-year-old Japanese males is 8.48 years and of 80-year-old Japanese females is 11.43 years. We conclude that use of BITA grafts is safe and valuable in octogenarian patients, who have a mean life expectancy of close to 10 years.
The other factors that were associated with late outcome on univariate analyses were non-elective surgery, preoperative atrial fibrillation, and higher preoperative New York Heart Association functional class. Multivariate analysis found that use of BITA grafts was a negative independent predictor of MACCE, and preoperative atrial fibrillation was a positive independent predictor of MACCE. Atrial fibrillation is a common but not benign arrhythmia that is associated with thromboembolism, including a stroke rate of 5% to 12% per year. 21, 22) Furthermore, Shin et al. reported decreased flow in the internal thoracic artery graft in patients with atrial fibrillation, which may adversely affect the outcome after coronary revascularization. 23) These factors are thought to be the reason for the association between preoperative atrial fibrillation and MACCE in this study.
Off-pump CABG was significantly more frequent in the BITA group than in the SITA group (97.0% vs 79.1%, p = 0.007). This is thought to be because two patients in the SITA group required re-sternotomy with on-pump CABG, whereas this was not required in the BITA group; and because acute myocardial infarction with unstable hemodynamics tended to be more frequent in the SITA group than in the BITA group (29.1% vs 15.8%, p = 0.147).
This study is limited by the small number of patients, with no matching between groups. This limitation may lead type 2 error for the result of this study. However, the results are still meaningful because the baseline patient characteristics were similar between the two groups.
Conclusion
In conclusion, the results of this study suggest that use of BITA grafts for CABG is feasible and beneficial in octogenarians, resulting in improved late outcomes without increased operative risk.
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